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Abstract- During the short circuit of a vertical 4H-SiC 
power MOSFET, a high gate current starts to flow through 
the gate dielectric. We demonstrate that the Schottky emis­
sion is the main physical mechanisms. 
Index Tenns-4H-SiC MOSFET, short-circuit, gate oxide, 
Schottky emission, Fowler-Nordheim. 
1. INTRODUCTION
H IGH performance electrical-power switches, offering the lowest possible energy losses are required to manage 
electricaJ power efficiently. Power devices based on wide 
bandgap material like Silicon Carbide (SiC) MOSFET are 
emerging as an effective technology solution to provide 
such high performance switches. One main obstacle of the 
SiC MOSFET expansion to industrial application is their 
reliability and especially their low robustness compared with 
Silicon devices in short-circuit (SC) operation [l]-[7]. The 
observed behavior is different compared to Si devices. lndeed, 
the SC current density is much higher and after few rnicrosec­
onds in SC operation, a large gate current appears. This current 
has been studied from a "user point of view" in [2] and some 
physical explanation have been proposed in [7] and [8]. It is 
generally assumed that the physical origin of this gate current 
is due to Fowler-Nordheim (F-N) tunneling. However, in SC 
condition and especially with a SiC power device, the junction 
temperature rises rapidly to reach 1200 K to 1 800 K [5], [9]. 
Furthermore, the gate electrical field is at nominal level 
(� MY/cm) which does not favor F-N conduction which is 
supposed to be triggered by a high electric field and is hardly 
a fonction of the temperature. 
In this work, we investigated on the physical conduction 
mechanism which best corresponds with the experimental 
behavior on a vertical power device. 
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Fig. 1. (a) Waveforms of a SiC 1200v 80 m.a MOSFET SiC in short­
circuit operation for two v05. (RG = 47 .a, Vgs = 20 V). (b) Gate current 
vs Temperature at RG = 47 .a, Vbuffer = 20 V e0x = 50 nm S0x = 
3.32 mm2 . 
In the first section, the experimentaJ results and the main 
hypothesis are discussed. In the second section, the F-N mode! 
and the therrnionic ernission mode! are presented and com­
pared. Finally, these models are discussed regarding experi­
mental observation. 
Il. EXPERIMENTAL RESULTS 
The device under test (DUT) is a 1200 V 80 mü 
4H-SiC planar power MOSFET. The DUT was tested during 
SC stress with increasing drain bias until device failure. The 
experimentaJ setup is described in [10). The waveforms of the 
SC tests are presented in Fig. l a. During the SC, the DUT 
undergoes a high power-density peak leading to a fast rise 
of its junction temperature. A ID thermal mode! bas been 
developed in [9] in order to estimate this temperature. The 
thermal mode! is composed of the top aluminum layer and 
the SiC bulk. The heat dissipated during the short-circuit is 
Jocated in the depletion layer just under the junction. Ail 
the physical pararneters are temperature dependent. In the 
two tests presented in Fig. l a, all gate currents approxi­
mately can rise up to 200 mA and behave similarly versus 
the estimated temperature (Fig. 1 b), demonstrating a strong 
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